Background: Mature skin is characterized by a loss of elasticity, hyperpigmentation,
| INTRODUCTION
Skin aging is a complex, multistage process associated with changes in the morphological and physiological properties of skin. Decreased fibroblast activity, reduced synthesis of collagen and elastin, increased transepidermal water loss (TEWL), and decreased melanocyte activity are observed in the course of aging. In addition, the immune system becomes weakened and oxidative stress response is impaired. 1 The lipid barrier of the epidermis greatly impedes the penetration of active substances. As some of these substances undergo decomposition on the surface of the epidermis, and others decompose during transdermal penetration, only a small percentage of active substances reaches the deeper skin layers. However, the use of suitable carriers in cosmetics and effective methods of transportation allows deeper penetration of active ingredients.
The hydrophilic nature of vitamin C significantly impedes its penetration through the lipid layers of the epidermis, and the L-ascorbic acid used in cosmetic products is susceptible to oxidation and becomes easily disintegrated. The degree of vitamin C absorption depends on its concentration and the pH of the cosmetics, with recommended values being a concentration of 10%-20% and pH 3 to pH 3.5. 9, 10 The use of appropriate treatment helps to neutralize the signs of aging. Suitable daily care and the selection of appropriate cosmetics are required to protect the skin against the adverse effects of external factors.
The aim of the study was to make an objective and subjective assessment of the efficacy of L-ascorbic acid application by microneedle mesotherapy in the treatment of mature skin.
| MATERIALS AND METHODS
The study was conducted in a group of 17 healthy women, mean age 55 years, selected in accordance with the guidelines of the Helsinki Declaration. Consent for the study was given by the Medical University of Lodz Ethics Commission (RNN/281/16/KE 2017).
The inclusion criteria were as follows: the presence of wrinkles, the loss of skin firmness and elasticity, skin dryness, and uneven skin color. All participants underwent a series of four microneedle mesotherapy treatments with the application of 20% L-ascorbic acid serum.
A 2.5 ml dose of serum, pH 3.5 was prepared for each participant immediately before the procedure. The serum itself was prepared by dissolving 0.5 g L-ascorbic acid in 2.5 ml of strawberry hydrolysate, which was chosen for this purpose because it is rich in vitamin C. Fragaria ananassa (Strawberry) Fruit Water 99% and Ascorbic Acid 100%, produced by Fundacja Polski Instytut Biochemii Stosowanej (Polish Institute of Applied Biochemistry Foundation),
Poland.
The serum was tested for microbiological purity and stability after cosmetic opening, with positive results. Micropuncturing of facial skin was performed using a ROHS Derma Roller System 540 (ROHS-JMF, Hong Kong, China) with 0.5-mm-long needles. The head of the roller is equipped with 540 steel needles. Four therapies were performed in total, one every 10 days. Skin parameters were measured prior to the study (D0) and afterward(D40). All persons participating in the study signed an informed consent form agreeing to participate in measurements and complete the survey, as well as to participate regularly in the treatment sessions and to adhere to home skin care recommendations.
In this study, in vivo techniques were used to determine skin moisture (Corneometer 3 | RESULTS
| Results of questionnaire survey
The results of the questionnaire indicated an improvement of skin texture in 82% of the subjects. The traits describing the skin condition after the first application are presented in Table 1 .It was found that 76% of respondents noticed significant differences in skin condition after three treatments, whereas 18% saw an improvement after the first treatment ( Figure 1 ). All of the participants were satisfied with the therapy, and the vast majority of respondents expressed a willingness to use it in the future.
All the treatments were very well tolerated. The results of the survey demonstrated that the 20% L-ascorbic acid serum applied by microneedle mesotherapy did not cause adverse reactions in the form of itching, burning, redness, papules, and any other alarming changes that might indicate skin sensitization.
| The instrumental analysis of skin condition
Regular treatment was found to be associated with improvement in skin texture in nearly all participants (Tables 2-4) . On the cheek, mean firmness, determined by R0, increased significantly from 0.034-0.051 and skin elasticity increased from 0.48-0.64 (Table 2 ).
The mean results of MPA measurements before and after treatments are presented in Table 4 . The mentioned results indicate a more significant improvement on the cheek than the forehead. Skin In addition, the activity of vitamin C vitally depends on physicochemical properties of its cosmetic formulation, and its instability and susceptibility to oxidation make its use in cosmetics difficult. The pure form of vitamin C is unstable and quickly decomposes 14 ; cosmetics typically incorporate the more stable ester derivatives of L-ascorbic acid. Therefore, the ascorbic acid used for the serum administered in the present study was prepared before each procedure by the researchers. The study did not use a control group, because the skin parameters were compared before and after therapy.
Skin microneedling mesotherapy is a common treatment worldwide for skin rejuvenation treatment and the management of antiaging therapy. Derma-roller treatment is one of the methods used to improve the transport of active substances through the skin and ensure high effectiveness of applied cosmetics. Many studies based on subjective and objective evaluation concerning the efficacy of minimally invasive modalities have been published. 15, 16 The present study uses an MPA 580 (Courage + Khazaka Electronic GmbH) to
% of improvement
The soothing of redness and skin irritation 65
The restoration of natural skin color 71
The reduction in feelings of tension and skin irritation 76
The increase in skin firmness and elasticity 82
The increase in hydration 82
The reduction in skin hypersensitivity to external factors
88
The reduction in the visibility of wrinkles 86 An in vivo study by Ponec et al 17 found that several derivatives of vitamin C elevated the stratum corneum moisture content after a 4-week period of daily application. In our study, subjective and corneometer evaluation confirmed that the moisture level was also elevated after a series of treatments performed 10-days apart. This effect is also associated with the positive influence of vitamin C on epidermal lipids and ceramide synthesis, which is crucial in maintaining skin barrier function and epidermal moisture.
Vitamin C also affects the melanogenesis process, inhibits tyrosine activity, and prevents discoloration. Sobhi et al 18 confirmed the brightening effect of vitamin C in the treatment of pigmentation lesions such as melanoderma and noted a lack of side effects during treatment. Other studies have found L-ascorbic acid to inhibit melanocytic activity, reduce melanin synthesis, and exert a depigmentation effect on the skin. 19 The participants in the present study reported restoration of natural skin color, which was confirmed by mexameter analysis of melanin index. Although not all participants reported the effect of decreasing the erythema index, as measured by the mexameter, not all of them had visible erythema on the cheeks at the beginning of the study. Espinal-Perez reports that while 4% hydroquinone was better at reducing discoloration in 
The skin moisturization measurements before and after four treatments F I G U R E 4 Changes in skin color (melanin) before and after four treatments F I G U R E 3 Changes in skin color (erythema) before and after four treatments subjects with melanoderma, 5% ascorbic acid plays an important role in the treatment of hyperpigmentation due to its minimal side effects. Moreover, ascorbic acid can be used both in monotherapy and in combination therapy. 20 As vitamin C only has an effect on fibroblast activity and collagen production when it reaches the dermis, the present study used In the present study, Cutometer analysis found increased skin elasticity and firmness especially on cheeks. Although this atraumatic measurement was not confirmed by histologic analysis, noninvasive evaluation is an appropriate option for verifying the results of the subjective questionnaire assessment, especially in face skin studies.
The skin biopsies of patients treated with topical special formulations with vitamin C were found to have increased collagen levels in the Grenz zone and increased mRNA staining for type I collagen after 12 weeks of treatment. 25 Nusgens et al 26 found increased mRNA levels in skin biopsies after 6 months of topical 5% vitamin C treatment, thus confirming that vitamin C affects collagen I and III synthesis.
A similar study by Aust et al 27 Due to its very good tolerance and lack of side effects, 0.5 mm length microneedling with vitamin C is an option for those who do not agree to more aggressive treatment.
A limitation of the present study is its short duration: The length of the observation period may be insufficient to determine a significant improvement in the condition of the skin.
| CONCLUSION S
This study demonstrated that the administration by microneedle mesotherapy of vitamin C in the form of L-ascorbic acid dissolved in strawberry hydrolysate (concentration À20% and pH <3.5) reduced the visibility of wrinkles and smoothed the skin color. The results of subjective and objective in vivo studies indicate improvements in moisture and elasticity, as well as the lightening of skin discoloration.
The results of the instrumental analysis also confirm that vitamin C has antiaging properties. Furthermore, microneedling with 0.5 mm needles was very well tolerated, so patients were able to return to normal daily life directly after treatment.
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